INTRODUCTION
Spacelab 2 was carried into an orbit with altitude --•320 km and inclination 49.5 ø on the space shuttle Challenger on July 29, 1985. During August 1 the Plasma Diagnostics Package (PDP) was put into free flight around Challenger in order to measure phenomena associated with the passage of a large vehicle through the ionosphere, the injection of electron beams, the release of volatiles, and the ambient ionosphere. The PDP provided observations out to a distance of--•400 m from the space shuttle before it was retrieved on the same day. A Langmuir probe, an ion mass spectrometer, a hot plasma analyzer, a differential ion flux probe, and a plasma wave receiver were among the instruments on board the PDP. For a description of this instrumentation the reader is referred to Shawhah [1982] . Of relevance to the present investigation are the measurements of the three-dimensional velocity distributions of electrons in the energy range 2 eV to 36 keV with the hot plasma analyzer, the LEPEDEA, and of the spectral energy density of the electric fields of plasma waves in the frequency range from 31 Hz to 17.8 MHz. The first artificial injection of an electron beam into the ionosphere was reported by Hess et al. [1971] . Even for this early experiment it was noted that the ambient electron plasmas were heated by the electron beam. The early rocket-borne experiments were primarily focused on exciting artificial auroras and providing a means for investigating the motion of electrons between their geomagnetic mirror points. More recently, the scientific thrust has been directed toward understanding the heating of electron plasmas and the generation of plasma waves by the electron beam because of the relevance of these phenomena to mechanisms for the interaction of the naturally occurring auroral electron beams with the ionosphere. The artificial electron beams offer a unique opportunity to determine the beam-plasma interactions that can heat ionospheric electron plasmas greatly in excess of that expected from direct Coulomb interactions [cf. Maehlum et al., 1980 , and references therein]. An extensive review of early experiments with artificial electron beams is given by Winckler [1980] . Previous injections of an artificial electron beam from the space shuttle were accomplished during the STS 3 and Spacelab 1 missions. During the Spacelab 1 mission a large flux of returning hot electrons was observed [Wilhelm et al., 1984] , and whistler mode, narrow-band emissions near 3fc and 4f•. (f•., electron cyclotron frequency) and broadband electrostatic noise were clearly present [Beghin et al., 1984] . These plasma and plasma wave measurements were obtained in the bay of the space shuttle. The instrumentation beam density is large in relation to the ambient ionospheric density, and the beam is expected to lose its coherency, i.e., its collimated spiral motion along the ambient magnetic field, within scale lengths of meters from the injection point. This simulation was not carried forward in time sufficiently long to identify the presence of low-frequency ion waves. Our present study uses observations of the effects of the beam electrons at much larger distances from the space shuttle during the Spacelab 2 mission, i.e., the escaping electrons, and a numerical simulation that reveals the probable generation of ion acoustic waves. Our presently reported observations were taken with instruments on board the PDP during its several-hour free flight around the space shuttle and hence are relatively uncompromised by shuttleassociated effects. These unique observations of electron plasmas and plasma waves provide the basis for a significant extension of knowledge of electron beam-plasma interactions.
OBSERVATIONS
The PDP encountered the sheet of returning electrons during eight FPEG beam launching sequences. Our presentation concentrates on the sequence that occurred for 430 s beginning at 0411:13 UT. The situation is depicted in Figure   1 The ion acoustic instability is excited by an electron-ion drift [Fried and Gould, 1961; Hasegawa, 1975] where in the ion rest frame, the ion acoustic phase velocity will occur on the negative slope of the electron velocity distribution function and the instability results from inverse electron Landau damping. The ion acoustic mode propagates parallel to the ambient magnetic field, and for short wavelengths (kit e > 1) the frequency approaches the ion plasma frequency. The velocity threshold at which the instability is excited decreases as Te/T i increases greater than 1, but for T e = T i, the instability can still be unstable for high enough drift velocity [Gary and Omidi, 1987] . This critical drift velocity is reached by the ambient electrons in the simulation run, and the ion acoustic instability is excited.
To illustrate how the instability is excited in the simulation run, the electron velocity distribution is s•hown in Figure 5 . The simulation results can be summarized as follows: (1) the injected electron beam excites plasma oscillations due to the relative beam-background drift and also creates a charge imbalance in the plasma which induces an electric field in front of the beam, (2) the induced electric field forces the background electrons to drift in relation to the background ions, exciting the ion acoustic instability, and (3) the ion acoustic instability, through quasi-linear diffusion, creates an electron high-energy tail in the direction opposite of the injected beam, and these hot electrons are observed by the PDP.
